Phenology and yield of native fruits cloudberry/bakeapple (Rubus chamaemorus L.) and lingonberry/partridgeberry (Vaccinium vitis-idaea L.) grown in Southern Labrador, Canada J. Li, D. Percival, J. Hoyle, J. White, K. Head, and K. Pruski Abstract: Plant habitat, growth, fruit yield and occurrence of pollinators in cloudberry and lingonberry fields/bogs were monitored and analyzed at three locations in southern Labrador: Lanse'au Clair (51°41' N, 57°08' W), Red Bay (51°43' N, 56°26' W), and Cartwright (53°42' N, 57°0' W) over the two growing seasons, 2011 and 2012. The length of the growing seasons was 100-120 d (DFRA 2014) with 600-700 growing degree days (GDD) (AAFC 2014). The 2012 season was warmer than 2011. The plants recorded in belt transects belong to six families: Rosaceae, Ericaceae, Pottiaceae, Juncaeae, Equisetaceae, and Sphagnaceae. In the Ericaeae family, Vaccinium vitis-idaea, Arctostaphylos alpina, Empetrum nigrum, and Vaccinium angustifolium were found. In both seasons, the cloudberry was the first to bloom, followed by wild blueberry, lingonberry, and Labrador tea. The fruit yields of cloudberry and partridgeberry in southern Labrador were higher than those recorded in Finland, Norway, and in the USA. Pollinators were present in large numbers. Most of the specimens were from three orders: Hymenoptera, Diptera, and Lepidoptera. Temperature, precipitation, wind, and sunlight affected plant growth and the occurrence of pollinators. To our knowledge this is the most comprehensive study of plant growth, yield, and pollinators' activity in cloudberry/partridgeberry fields conducted in Southern Labrador, Canada.
Introduction
It is a long tradition for people living in Atlantic Canada to use wild edible plants in their diet. For many local people, berry-picking is a way to enjoy and commune with nature. Locally harvested fruits are usually served fresh (Opal Consulting 2010; Jane White, personal communication) . The global market for both wild berries and cultivated small fruits has significantly improved over the past 2 decades and keeps increasing due to the health benefits associated with their consumption. Berries are rich in minerals, vitamins, anthocyanins, and polyphenols (Opal Consulting 2010) . Although the growing season in Labrador is very short and only a few fruit crops in this part of Canada could grow, surprisingly, many wild berries are thriving in southern Labrador. The most popular wild berries include wild blueberry (Vaccinium angustifolium), crowberry (Empertrum nigrum), wild red raspberry (Rubus idaeus L.), cloudberry/bakeapple (Rubus chamaemorus L.), and lingonberry/partridgeberry (Vaccinium vitis-idaea L.). The demand for wild berries has doubled over the last decade. Just for blueberries alone, an increase of over 50% was recorded over the past 10 years and this trend continues (Brazelton, 2011) . In 2009, Canadians consumed about 318 million kg (318000 tons) of berries. In Newfoundland alone, about 300 to 400 thousand pounds (136 to 182 tons) of berries (frozen shortly after harvest) are picked every season, with a total value of CAD$1.5 to $2.0 million (Opal Consulting 2010) . The total value of fresh berries that are put on the market is even higher (Jane White, personal communication). The bakeapple and the partridgeberry are of special economic and cultural value.
The cloudberry/bakeapple (Rubus chamaemorus L.), also called a maltberry, is a rhizomatous 5 to 10 cm high dioecious perennial plant belonging to the Rosaceae family. The plant commonly grows in peat bogs. The size of flowers (male and female having four to ten white petals) is affected by both genotype and environment. The sex ratio relies on environment, soil fertility, and genetic makeup; usually male flowers appear in larger numbers than female flowers (Nilsen 2005) . The flowers require insects for pollination. Frost in late spring can damage flowers and reduce yield of berries (Pelletier et al. 2001) . More fruits are found in the coastal areas and on the island, because weather conditions are moderated by the ocean and reproductive organs escape late frosts (Scott 2010) . The bakeapple fruit is an aggregate, raspberry-like structure composed of five to twenty-five drupelets and is the only harvested part in this species. The pith stays attached to the plant upon detachment of the fruit. In each drupelet, there is a smooth and hard stone. The size of the berries and number of drupes per fruit is based on the quality of pollination. After pollination, the fruit is formed in a manner similar to raspberry. Only one fruit per plant is produced on the top of the short stem. Large number of female flowers may result in high fruit yield, but the yield also depends on plant growth conditions. Between 20% and 50% of flowers and young fruits could die due to the climate and (or) carbohydrate limitation during the growth season (Nilsen 2005) . The fruit is pale red in its unripe stage, to amber color when ripening, which in Labrador occurs in the middle of August. Once the fruits are ripen, the leaves start turning dark and dry out (personal observations 2011 /2012 Li 2013) . Bakeapple cannot be mechanically harvested due to the softness of the fruits. Hand picking is the only method to collect the fruit. Overall, bakeapple has low fruit productivity (Kortesharju 1988) and berries are picked in natural stands, so called open sphagnum-dominated ombrotrophic peatlands (bogs). Newfoundland and Labrador is the largest producer of bakeapple in North America (Heidenreich 2010 ). The fruit is commercialized fresh, frozen or processed. Price tags of the wild berries vary from location to location and year to year, and overall fruit quality and supply/ demand. The processors in Newfoundland pay a harvester about $6 to $8 per pound of bakeapple fruits ($13 to $17 per kg), but often the price can reach as high as $10 per pound/$22 per kg (Opal Consulting Inc. 2010 ). On the other hand, the price of bakeapple has not appreciably changed over the past two decades and at farm gate prices can reach $80 per gallon ($20 per kg) (Karst and Turner 2011) .
The bakeapple is rich in antioxidants such as phenolics, vitamins, anthocyanins, phenolic acids and their esters, vitamin C, and a variety of micro-and macronutrients (Thiem 2003) . These compounds are attributed to the prevention of high blood pressure, improvement of blood circulation, and protection from cancer in humans (Koukel 2007) . Ellagic acid is the major phenolic compounds in bakeapple. Bakeapple is orange or red due to high concentration of carotenoids, which contain higher antioxidant bioactivity (Lashmanova et al. 2012) .
The partridgeberry (Vaccinium vitis-idaea L.) belongs to the Ericaceae family and is native to Scandinavia, Alaska, and Northeastern Canada including Newfoundland and Labrador. The plant has numerous names. It is also called lingonberry, foxberry, northern mountain cranberry or a rock cranberry (Torrey 1914) . Partridgeberries are small, red, edible berries. The plant is a perennial, evergreen short shrub, spreading by underground rhizomes. The dormant buds on the rhizome can continue spreading horizontally as a new growth rhizome or upright to produce shoots (Hjalmarsson and Ortiz 1998; UMass Extension 2014) . The fruit structure is very close to cranberry, which is a bright red, broadly oval berry (false berry), with numerous tiny seeds inside.
There are two types of partridgeberries in the world, one is the Northern American type, Vaccinium vitis-idaea, which is short and blooms only once in the season (Heidenreich 2010 ; UMass Extension 2014). The others are European/Asian types, Vaccinium vitis-idaea variety majorus, which is taller than the North American type with larger leaves and blooms twice every year (UMass Extension 2014). Most people select the European/Asian type for commercial production because the height (20-30 cm) makes harvesting easier (UMass Extension 2014). The wild partridgeberry flowers are about 3-8 mm long and bell shaped, with white to light pink color, usually produced in the early summer. They are very sensitive to frost (UMass Extension 2014). The degree of self-pollination exists in partridgeberries, but predominantly flowers are cross-pollinated by insects. Wind pollination can also be significant on the open tundra and coastal areas (NRCS 2007) . Once the berries are harvested, they need to be refrigerated as soon as possible, or frozen for further processing to slow down respiration and extend their storage life (UMass Extension 2014). Frost will enhance berries' flavor and make them very juicy (Scott 2010 ). An average partridgeberry yield of 212750 pounds per year (96.7 tons) is often observed in north-east America (Heidenreich 2010) . Partridgeberries contain an abundance of antioxidants, such as phenolics, flavonols, anthocyanidins, catechins, and proanthocyanidins (Ek et al. 2006) . Although the amount of antioxidant would be lower when partridgeberries are frozen and processed, they still have higher antioxidant levels than many other small fruits (Koukel 2007) . The sugar concentration of partridgeberry increases for a period of time during storage, but organic acids and anthocyanins decrease (Saario 2000) .
The objectives of this study were: (i) to determine the phenology of bakeapple and partridgeberry in southern Labrador including spring dormancy break, growth, blooming, fruit set, fruit ripening / harvest, and (ii) to identify pollinators and the timing of their occurrence in bogs.
Materials and Methods

Locations of the fields and sample collection
Three fields in Southern Labrador were selected for this study based on local recommendations of the Department of Natural Resources, Agrifoods Development Branch, NL: Lanse'au Clair (51°41' N, 57°08' W), Red Bay (51°43' N, 56°26' W), and Cartwright (53°42' N, 57°0' W). The length of the growing season for all three locations in southern Labrador was 100-120 d (DFRA 2014) with 600-700 growing degree days (GDD) (AAFC 2014) . The soils are generally acidic and lack important nutrients such as nitrogen and phosphorus. The vegetation is dominated by endless bogs of different berries and coniferous trees, especially balsam fir and black spruce. White birch, trembling aspen, and mountain ash are the most common deciduous trees (Heritage Newfoundland and Labrador 2015) . From each location, the samples of insects and berries were collected in both seasons.
Belt transect
There are numbers of other species growing surrounding bakeapple and partridgeberry in the fields. In the belt transect, the other species were identified and recorded. A square 10 m × 10 m was set in all three field sites and divided into ten 1 m × 1 m parts. In the 1 m × 1 m square, the growth stage of all plants was recorded once a week (from 3 July until 5 August, 2011, and from 18 June until 8 August, 2012). The growth stage was displayed by percentage rating for each species. The ratings were: 0%-10%, 11%-25%, 25%-50%, 50%-75%, 75%-100%, with 75%-100% being peak bloom. 'Pre' and/or 'post' peak were also recorded for bloom (e.g., it is 'pre' when the plants are in the bud stage, and 'post' once they are in anthesis). The belt transects were set in the fields until there were no flowers in the 10 m × 10 m square anymore.
Pollinator observations and collection
In summer 2011, a 10 m × 30 m rectangle was set in the field at all three locations. A person was standing and (or) slowly walking across the square observing any flying insects in the area. When possible, the insects were caught using a net. This process was performed at each site for a period of 40 min once a week. The observation time usually started around 1300 hr in Lanse'au Clair and Red Bay on a different day in each week and approximately one hour later at Cartwright due to long distance (approximately 500 km away from Lanse'au Clair). The observation day may have changed if the weather was not cooperating. Normally the schedule was Mondays for Lanse'au Clair, Tuesdays for Red Bay, and Wednesdays for Cartwright each week. Instead of sweeping on the bogs, a net was only used for catching once the pollinators were spotted. The reason to do so was the plants in the bog were limited and bakeapple flowers were easily damaged because they were higher than other plants on the ground. After the pollinators were caught, they were frozen in a −40°C freezer, then shipped to Dalhousie Agricultural Campus for identification. In summer 2012, pan-traps were used to collect pollinators. Twenty-one uniform pan traps were randomly set in the 10 m × 30 m area. Pans came in three colors: blue, white, and yellow, seven pans of each color. Each pan was filled 1/2 to 3/4 full with water and 5 drops of dishwasher detergent. The pollinators were collected once a week, with a total of 10 collections throughout the 2012 season. The pollinators were frozen at −40°C once they were out of pans, and shipped to Dalhousie Agricultural Campus for identification by using an insect identification field guide (Milne and Milne 1980) .
Growth stage records and fruit set
Pictures of plants were taken using the Canon PowerShot A2400 camera at one week intervals to record the growth stage of the plants. Pictures of plants were taken at Lanse'au Clair on Mondays, at Red Bay on Tuesdays, and at Cartwright on Wednesdays. The days were only altered if the weather was adverse. One picture was selected from each week to present the growth of plants. The selected pictures were organized following progressing time in the season. Pictures were placed together in Fig. 2a for bakeapple and in Fig. 2b for partridgeberry to show how plants grew week by week during growth seasons. The pictures of growth stages were taken from 9 June in 2011 (Julian date: day 160) to 10 October (Julian date: day 283), and from 18 June in 2012 (Julian date: day 169) to 18 September (Julian date: day 261).
Yields
Total yields of bakeapple and partridgeberry in Labrador are very difficult to determine due to a lack of information on the number of plants growing in these areas. In 2011, a 20 m × 20 m plot was set in each field site for harvesting. In this square, the three best yielding 1 m × 1 m spots were picked by hand. The yield was estimated based on the observation. In 2012, seven 1 m × 1 m squares were randomly selected in the 20 m × 20 m field site. All the berries in the selected square were harvested, frozen, and the weight of the frozen berries was recorded using electronic scale. Some of the 1 m × 1 m squares were without fruits. In this situation, the empty spot was skipped, and the next randomly selected spot which had fruits was picked.
Weather data
Weather data were recorded by using a data logger (Onset Computer Corp., Bourne, MA, USA) every 15 min, but mean day temperatures and maximum difference in temperature were calculated. The data loggers were set up at each location at the beginning of the growing season to the end of October for both 2011 and 2012. The weather data were downloaded from the data logger to a laptop computer once per month during the growing season. Growing degree days (GDD) were included.
Results
Belt transect
There was an abundance of organisms in all three field locations, including various low growing plants, insects, and animals. The plants recorded in the belt transects belong to six families: Rosaceae, Ericaceae, Pottiaceae, Juncaeae, Equisetaceae, and Sphagnaceae (Table 1) . The most species-rich family was Ericaeae, where Vaccinium vitis-idaea, Arctostaphylos alpina, Empetrum nigrum, and Vaccinium angustifolium were found.
The growth season is short in Labrador. In both 2011 and 2012, the bakeapple was the first to bloom/flower in the fields, followed by wild blueberry, partridgeberry, and Labrador tea (Fig. 1) . Observations have shown all the plants in the belt transect bloomed approximately 7 to 10 d earlier in 2012 than in 2011. In the belt transect, the flowering period of partridgeberry overlapped with wild blueberry and Labrador tea. However, blooming of no other species overlapped with bakeapple in both years. Individual bakeapple flowers last only two or three days, whereas individual partridgeberry, wild blueberry, and Labrador tea flowers last for approximately one week. In this study, however, bakeapple flowers were also present in the field for one week (Figs. 1 and 2a) . It was not uncommon to observe the bakeapple plants both in bloom and with already formed fruits in the same field at the same time.
In 2011, partridgeberry started bloom approximately on Julian date day 205 and reached 100% bloom quickly (Figs. 1 and 2b) . The partridgeberry remained in bloom for 7 to 10 d. In 2012, partridgeberry started bloom 15 d earlier than 2011. In addition, wild blueberry started bloom approximately on Julian date day 197 in 2011, and Julian date day 182 in 2012 (reaching 100% bloom), which were similar with partridgeberry. The flower bloom date for Labrador tea in the field was approximately Julian date 210 in 2011 and Julian date 198 in 2012, which overlap with wild blueberry and partridgeberry. However, bakeapple started in beginning of summer, which was approximately Julian date 180 in 2011 and Julian date 170 in 2012. Obviously it was visible that bakeapple reached 100% bloom much earlier than partridgeberry (Fig. 1) .
Pollinator observations and collection
In 2011, pollinators were scarce during the period of observation in both years at each location for most of the time at the beginning of the growing season. However, when partridgeberries came to bloom, the pollinators were abundant and were staying in the area for approximately 7-10 d. Results have shown that the presence of pollinators was definitely affected by weather conditions. During rainy or windy days, pollinators were not found during the observation time. The Syrphidae family was most frequently present in the field at the beginning of the growing season. Although the Bombus spp. was present in bogs as well, its population did not increase until August. Pollinators were present in the fields, but populations were limited. Less than twenty pollinating insects were collected in pans during the bakeapple flowers' bloom and there were only one or two bees found in each pan. In 2012, large numbers of pollinators were caught by pan traps. Most of the specimens were from three orders: Hymenoptera, Diptera, and Lepidoptera. There were five families in these three orders (Table 2) . Among the pollinators, insects in the Diptera order represent the highest percentage. However, the Apidae family, which was considered most important for pollinating the fruits, occurred only in a small percentage among all the pollinators. At the beginning of the 2012 growing season, there were only three bumble bees caught in pans. On the other hand, a large number of insects from the Syrphidae family was observed at the same time. With time progressing, more Bombus spp. were found in pan traps, and the population of Syrphidae family insects stayed at the same level.
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Growth stages and fruit set
Pictures of the growth stages of bakeapple are presented in Fig. 2a and those of partridgeberry in Fig. 2b . The dates represent Julian days. The Julian date calendar refers to a continuous count of days for a whole year with January 1 st as day number 1. Bakeapple plants (Fig. 2a) started to produce buds underground in the beginning of June, approximately Julian date day 160. One week after, bakeapple started to sprout and develop above ground parts, including leaf shoots and flowers. The stems grew to approximately 10 cm tall. Flowers were in bloom at the beginning of July (approximately Julian date 180) and the plants grew to about 15 cm tall. Fruits started to appear around the middle of July (approximately day Julian date 200). At the beginning of August most of the fruits in the bogs started to turn orange or red indicating they were entering maturity. By mid-August, all fruits turned orange, became soft and were ready to harvest (approximately Julian date day 230) (Fig. 2a) . The harvest date, however, can easily change with the local climatic conditions and can move a few days earlier or later. With time progressing, not harvested berries started to dry out (Julian date 235-240), then leaves started to turn purple (Julian date 245). The leaves turned brown and dried out 2-3 weeks later (Julian date255).
Partridgeberry (Fig. 2b) , a rhizomatous evergreen short shrub, started to produce flower buds in the beginning of June, approximately Julian date day 160. At the same time, stems started to grow and new leaves appeared. The flowers were in bloom around the middle of July (approximately Julian date day 200) and lasted for about 10 to 15 d. Stems grew to about 7.5 cm and on average plants had 10-20 leaves. Partridgeberry started to form fruits by the end of July (approximately Julian date day 215) and were ready for harvest late September (approximately Julian date day 255-260) (Fig. 2b) . Similar to bakeapple, the harvest date can easily change with local climatic conditions.
The partridgeberry flowers were in full bloom on approximately Julian date 200 and the number of flowers on selected plants was recorded. The berries set on approximately Julian date 215 and the number of fruits were recorded. The fruit set of partridgeberry was calculated and is presented in Table 3 . The fruit set at all three locations was very similar, approximately 72%-75%. In addition, there was not much difference in partridgeberry fruit sets between the 2011 and 2012 growing seasons.
Yields
The yields were only measured in Lanse'au Clair and Red Bay. The data from Cartwright were missing because of severe weather for both years (Table 4 ). In both seasons, it was very difficult to get to Cartwright from Lanse'au Clair during the harvest season. The distance of close to 500 km one way was extremely difficult and dangerous to drive in heavy rain and/or fog conditions on unpaved roads. There were always more partridgeberries than bakeapples in the bog. Yields of both bakeapple and partridgeberry were higher in Red Bay than Lanse'au Clair in both seasons. Approximately 2.5 g m −2
of bakeapple fruit was recorded at each location in both growing seasons and 250 g m −2 of partridgeberries at Red Bay, compared with 195 g m −2 at Lanse'au Clair. The yields of both fruit crops were higher in 2012 than 2011 (Table 4) .
Weather data
The weather data were measured by a data logger in both 2011 and 2012 in the summers (Figs. 3 and 4) . Cartwright was the warmest location in both years; the highest day mean temperature was up to 20°C in 2011 and 25°C in 2012. The highest outdoor temperature observed was 38°C. The daily average temperature of Red Bay and Lanse'au Clair were very close. Both locations are far more south than Cartwright. Temperatures in Red Bay were slightly lower than Lanse'au Clair. The lowest temperature observed in Red Bay was 3°C in 2011 and 7°C in 2012 (Figs. 3 and 4) . The largest difference in temperature at Lanse'au Clair in 2011 was 22.9°C, while it was 20.1°C in 2012. At Red Bay, the largest difference in temperature in 2011 was 21.6°C and 16.6°C in 2012. At Cartwright, in 2011, the largest difference in temperature was 23.7°C, but it was only 16.0°C in 2012. Parts of data were missing (2011 at Lanse'au Clair and 2012 at Red Bay) because the data loggers were unplugged or destroyed most probably by a bear or other wild animal. The growing degree days did not differ much between the three locations and varied from 645 to 663.
Discussion
Observations of plant growth were taken during the whole growing season week by week, which provided more detailed information about the botany of both species. With regards to plant growth, weekly photos of plants were also collected in this study (Fig. 2a and 2b) , 
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Average temperatures which when combined with detailed descriptions provide a complete picture as to how bakeapple and partridgeberry develop and grow during the short growing season in southern Labrador. With regards to the competition of different plant species in selected bogs with bakeapple and partridge, our belt transect results showed an average of six families with nine plant species per square meter, with even more different plants in the open wild fields (Table 1 ). This creates situations where both species must compete for moisture and nutrients with many others. From the species listed in Table 1 , only the wild blueberry, Vaccinium angustifolium, and the crowberry, Empetrum nigrum, are of commercial value. Plants in arctic and sub-arctic regions always face a very short growing season, low temperatures, and limited availability of nutrients for growth and development (Mulder 1999 , Li 2013 .
The growth pattern of both species is similar as approximately only 90 (often less) days are available to complete the growth cycle and produce fruit. Bakeapple plant buds are present on underground rhizomes and resume growth and development in the beginning of June. In a following week, plants sprout on the surface of the bog. Within two weeks, leaves develop. Plants are in full bloom at the beginning of July and fruits are ready to harvest by August (Figs. 1 and 2 ). The leaves turn brown and dry out two weeks after harvest. Since the plants grow in a natural habitat, it is difficult to predict and assess the yield of fruit. A number of studies conducted in northern Europe reported varying yields of bakeapple fruit in natural stands. Kortesharju (1984) focused on bakeapple yield in northern Finland. The study was conducted for a period of five years. The results showed a wide range in yield, from 2.1 to 10.7 kg ha −1 . The researcher explained that the bakeapple flowers were damaged by frosts and the fruits were destroyed by Galerucella sp. (a leaf beetle) in some years (Kortesharju 1984) . In the present study, the average yield was from 2.4 to 2.8 g m −2 (24 to 28 kg ha
), which was significantly higher than the data from Finland (Table 2) .
However, this study was conducted for two years only and there were no late spring frosts reported, and no diseases or insects damages in both years, which may have resulted in a higher average yield. In order to determine the average yield of bakeapple more accurately, a longterm (e.g., five years) observations would be needed.
Similar to bakeapple, partridgeberry started to produce buds at the beginning of June. Plants were in full bloom mid-July. Fruits formed by the end of July and were ready for harvest by September (Figs. 1 and 2b) . Again, as with bakeapple, the yield of partridgeberry was difficult to determine due to the natural wild conditions the plants were growing in. Average yield of partridgeberry at commercial farms in America varied from 50 to 340 kg ha −1 depending on cultivar (Penhallegon 2009 ). In the present study, the average yield of wild partridgeberry was from 190 to 310 g m −2
(1900 to 3100 kg ha −1 ), almost ten times higher than the commercial production in the USA. The yield of wild partridgeberry can also be affected by the harvest date and location (Penney et al. 1985) . Their study was conducted in eastern Newfoundland and the total yield of partridgeberry was from 72 to 143 g m −2 , with 100% of red fruit by late September in the report. Different locations had different amounts of sunshine and precipitation, which may result in different harvest dates and yields (Penney et al. 1985) . In the study reported here, the weather conditions differed between years and locations. Average temperature in 2012 were higher than in 2011, and Cartwright was the warmest location in both years compared to Lanse'au Clair and Red Bay (Li 2013) . Plant density in the wild could vary from field to field, as did the yields from different locations.
Fruit set of partridgeberry was determined in this study and was approximately 73%. A report from Sweden indicated the fruit set was 64% for cross-pollination and 58% for open-pollination (Hjalmarsson and Ortiz 1998) . Fruit set was affected by temperature with 15°C-20°C being the best for pollination. Temperatures above 25°C will lower the pollination of partridgeberry due to reduced pollinators' activities (Hjalmarsson and Ortiz 1998) . However, it has been proven that cross-pollination provided the best fruit set and pollinators were essential for good fruit set in both bakeapple and partridgeberry. In the present study, partridgeberry grown in open and coastal areas had the data for open-, cross-, and self-pollination combined together, so the fruit set of partridgeberry was higher than in the study reported from Sweden, and reached 72%-74% (Table 3) .
Bakeapple is the only dioecious member in the rose family and good pollination is absolutely essential for fruit set. This, however, is often limited due to early blooming time, when pollinators are scarce. Although we did not find any other plant species blooming at the time bakeapple was blooming in our belt transect, a study of Brown and McNeil (2009) indicated the flowering time of Cassandra calyculata L., Kalmia spp., and Andromeda glaucophylla Link. coincided with bakeapple. Any other overlapped bloom with bakeapple results in competition for pollinators in northern Quebec, which is next to Labrador. Poor pollination results in low number of druplets formed in the fruit, which, in turn, is the effect of competition for pollinators from other plant species (Li 2013 ). Besides problems with adequate pollination, bakeapple is also facing limited nutrient resources due to other plant species growing in bogs. In their report, Jean and Lapointe (2001) have shown that bakeapple plants require large amounts of carbon during ramet growth, flowering, fruit initiation, and development. In addition, the carbohydrate storage capacity of bakeapple rhizomes is low (23% of its dry biomass) and requires more carbon resources from soil (Jean and Lapointe (2001) ).
Partridgeberry plants in Labrador are also facing competition for light and nutrients. Although partridgeberry is a shrubby plant, it grows in a horizontal way most of the time, which may result in the plant being in low light intensities due to cover by other higher plants, such as birch and Labrador tea. Holloway et al. (1982) proved partridgeberry plants under higher light intensities produce longer stems and more leaves after two growing seasons. But they also indicated wild environmental conditions such as moisture and nutrient availability may cause different results. Another study indicated the yield of partridgeberry plant was not significantly affected by different levels of fertilizer in the soil (Saario and Voipio 1997) .
In this study, pollinators were monitored for 30 min at all three locations once a week during the growing season. The most specimens found in bogs belong to the order Diptera. Potentially, these insect could be the best choice for pollinating bakeapple in southern Labrador (Li 2013) . Pelletier et al. (2001) indicated that insects played an important role in bakeapple pollination even though the plants bloom only for a short period of time. Another study proved the muscid and syrphid flies were the most important pollinators for bakeapple due to their activities and flying time overlapping with the bloom time (Brown and McNeil 2009) . Muscid flies belong to the Muscidae family and are commonly known as house flies or stable flies. Syrphid flies belonging to the Syrphidae family are often called hover or flower flies due to their hovering or nectaring at flowers, which was observed at all three locations in southern Labrador in our study. From the observation in this study, the apid and halictid bees were rare during bakeapple bloom, but were abundant when partridgeberry was in bloom, similarly to the study of Brown and McNeil (2009) . As for bakeapple, it has been proven that insects are essential for the pollination of partridgeberry (Penhallegon 2006) . Bumble bees were the major pollinators for partridgeberry from the observations recorded in this study.
Pollinator activities have been strongly related to temperature. A warmer climate in spring would result in increasing general insect activity (Pelletier et al. 2001) . From the weather data collected for this thesis, the average temperature in 2012 was higher than 2011, as were the yields of both fruits. This can be explained by higher temperatures positively affecting pollinators' activities, which in turn affected the fruit set. Honeybees were not found in Labrador due to the cold climate, although it has been proven honeybees could contribute to bakeapple pollination (Naess and Chagnon 2011) . But as climate change is coming closer to the northern parts of the country, the temperature in Labrador is getting warmer and honeybees may survive in Labrador in the future. In addition, other commercial pollinators such as honeybees and bumble bees could be used for pollination.
